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(54) IC card with retractable tray 

(57) An IC card (21 0) has a tray (214) that carries a 
fingerprint sensor (220). The tray can be slid rearwardly 
(R) out of the rear end of the card to a deployed position 
wherein the fingerprint sensor is exposed, the tray then 
being slidable forwardly (F) to a stowed position. A ten- 
sion spring (236) urges the tray rearward toward the 
deployed position and a double click mechanism 
releases the tray to move rearward when the stowed 



tray is pushed slightly forward. A cam element of the 
mechanism is integrally molded into the tray while a 
cam follower element (272) of the mechanism is inte- 
grally molded into a tray guide (250). The tension spring 
is located in an isolated area (350) between one side of 
the tray guide and a side of the IC card housing. 
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Description 

BACKGROUND OF THE INVENTION 

[0001] A large amount of electronic equipment has 5 
slots constructed for receiving PCMCIA cards (Personal 
Computer Memory Card International Association). The 
PCMCIA cards have a front connector with 68 contact 
positions, a width of 54mm, and a specified height. The 
height is 3.3mm, 5mm and 10.5mm for Type I, Type II 10 
and Type III cards, with Type II cards being the most 
common. It would be convenient if authentication of a 
person's identity through his fingerprint could be com- 
municated to the electronic equipment through the IC 
card slot Since the entire length of an IC card may be 75 
received in the slot, a fingerprint sensor has to lie out- 
side the slot. One way is to provide an IC card with a 
permanent rearward extension that contains a finger- 
print sensor. However, the extension and the sensor 
would be subject to damage as when a piece of equip- 20 
ment hit the extension or if dirt fell onto the sensor A 
separate fingerprint sensor could be connected through 
the I/O connector at the rear end of many IC cards, but 
this would result in the need to separately store and 
reconnect the fingerprint sensor. An IC card that facili- 25 
tated use of a fingerprint sensor while protecting it, 
would be of value. 

[0002] A fingerprint sensor or other electronic com- 
ponent can be mounted on a retractable tray that is con- 
cealed and protected when the tray is stowed, and 30 
easily accessible when the tray is deployed. The tray 
can be deployed from its stowed position by pulling out 
the tray or moving an actuator along the slot, etc., but it 
is often difficult to grasp the tray to pull it or to operate an 
actuator. An automatic deployment device such as a 35 
double click mechanism that pushes out the tray when 
the tray is pushed in a second time, is generally desira- 
ble. However, such mechanism has required additional 
parts which increase the complexity of the tray assem- 
bly. When the tray must be contained within an elec- 40 
tronic device of very small height, such as a Type II 
PCMCIA standard IC card, which has a maximum thick- 
ness of 5 mm, this can lead to a mechanism that is 
expensive to make and assemble and that is easily bro- 
ken . A tray assembly for an electronic device, which had 45 
a minimum number of parts, which was rugged, and 
which enabled easy tray deployment as with a double 
click mechanism, would be of value. 

SUMMARY OF THE INVENTION 50 

[0003] In accordance with one embodiment of.the 
present invention, an IC card is provided for substan- 
tially full insertion into an IC card slot of electronic 
equipment, where the IC card holds a fingerprint sensor 55 
that can be operated while the IC card lies in the slot 
and which protects the fingerprint sensor when not in 
use. The sensor is fixed to a tray that is moveably 



mounted in the IC card to move rearward out of the rear 
of the card to a deployed position, and which can be 
moved back into the card to a stowed position. 
[0004] The IC card includes a mother board with at 
least one pad connector thereon. The tray includes a 
daughter board, with the fingerprint sensor mounted on 
the daughter board and with the daughter board having 
a row of contact pads. The pads on the daughter board 
engage contacts on the pad connector when the tray is 
slid to its deployed position. 

[0005] One of the sheet metal cover parts of the IC 
card housing has a cut forming a flap that allows inser- 
tion of a chip card into the IC card. Another connector 
engages pads on the chip card. 
[0006] In another embodiment of the invention, a 
tray assembly that includes the tray, also includes a tray 
guide mounted on the housing with the tray being slide- 
able on the tray guide. A spring coupled to the tray 
urges it rearwardly towards the deployed position. A 
double click mechanism is provided that includes a cam 
element and a follower element, one mounted on the 
tray and the other on the tray guide. The double click 
mechanism latches the tray in the stowed position until 
it is pushed forward slightly, when it is released to move 
rearwardly to the deployed position. The tray and tray 
guide are each molded polymer parts, with one of the 
elements of the click mechanism molded integrally with 
the tray and the other element molded integrally with the 
tray guide. This minimizes the number of parts to be 
made and mounted. 

[0007] The tray has a forwardly-projecting spring 
arm. A tension spring has a front end mounted on the 
front end of the spring arm, and has a spring rear end 
mounted on the rear end of a leg of the tray guide. The 
use of a tension spring avoids the problem of column 
collapse of a compression spring. The tension spring 
lies in an isolated area between a side of the tray guide 
and a side of the housing of the electronic device. 
[0008] An electrical connecting arrangement that 
connects the component on a moving tray to a mother 
board on the stationary housing, includes a flat flexible 
cable having upper and lower cable parts lying in hori- 
zontal planes and connected by a 180° bend. 
The tray guide is fixed to the housing by lugs that fit into 
undercut slots. 

The novel features of the invention are set forth with par- 
ticularity in the appended claims. The invention will be 
best understood from the following description when 
read in conjunction with the accompanying drawings. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0009] 

Fig. 1 is a rear and top isometric view of an IC card 
of the present invention shown in a stowed 
position, and showing, in phantom lines, a 
piece of electronic equipment with an IC 
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card slot into which the IC card has been 
fully installed. 

Fig. 2 is a rear and top isometric view of the IC 
card in Fig. 1 , in a deployed configuration. 

Fig. 3 is an exploded isometric view of the IC card s 
of Fig. 1. 

Fig. 4 is a plan view of the IC card of Fig. 1, with 
the tray shown in its stowed position. 

Fig. 5 is a sectional view taken on line 5-5 of Fig. 

4. 10 

Fig. 6 is a plan view of the IC card of Fig. 4, with 
the top cover part removed, and with the IC 
card being in a deployed configuration. 

Fig. 7 is a sectional view of a portion of the IC card 

of Fig. 3, with the chip card fully installed. 15 

Fig. 8 is a block diagram view of circuitry of the IC 
card of Fig. 1 . 

Fig, 9 ts a rear and top isometric view of an elec- 
tronic device of a second embodiment of the 
invention, with the top cover portion 20 
removed, and with the tray in a deployed 
position. 

Fig. 10 is a view similar to that of Fig. 9, but with the 

tray in a stowed position, 
Fig. 11 is an exploded isometric view of the elec- 25 

tronic device of Figs. 9 and 10, including the 

top cover portion. 
Fig. 12 is a plan view of the tray assembly of Fig. 9 

in its deployed position. 
Fig. 13 is a view similar to that of Fig. 12, showing a 30 

first side of the housing and showing the 

tray assembly in the stowed position. 
Fig. 14 is an exploded isometric view of the tray 

assembly of Fig. 12, but without the spring. 
Fig. 15 is an upside-down exploded isometric view 35 

of the tray assembly of Fig. 1 4. 
Fig. 16 is a partial sectional view taken on line 16- 

16 of Fig. 13. 

Fig. 17 is an enlarged view of a portion of the 

upside-down view of Fig. 15, showing the 40 
cam element of the double click mechanism 
thereof. 

DESCRIPTION OF THE PREFERRED EMBODI- 
MENTS 45 

[0010] Fig. 1 illustrates an IC card 10 of a first 
embodiment of the present invention, which is con- 
structed in accordance with PCMCIA standards, to fit 
into an IC card slot 12 of electronic equipment 14 such so 
as a computer. The IC card sioi 12 and IC card 10 are 
constructed in accordance with PCMCIA standards, 
which specificy a card width A of 54mm and a card 
height B for Type II cards of 5 mm. A full-sized IC card 
has a length C of 85.6mm (there are smaller length 55 
cards), while the full-sized slot 12 has a length of about 
91mm. The IC card 10 is inserted in a forward direction 
F into the IC card slot, until a front connector 20 at the 



front end 26 of the card engages an equipment connec- 
tor 22 at the front end of the slot. When the IC card is 
fully inserted, a rear end 24 of its housing 40 lies about 
4 or 5mm forward of the rear end of the slot 12, but a 
tray handle 200 lies only slightly forward of the rear end 
of the slot The electronic equipment 14 may have a 
door that closes the rear of the slot to keep out dirt 
[0011] The IC card 10 is designed to authenticate 
the identity of a user by sensing the fingerprint of the 
user. The card has a tray 30 that can slide within a slot 
31 forwardly to the stowed position shown at 30 in Fig. 
1 , and that can slide rearwardly to a deployed position 
shown at 30A in Fig. 2. In the deployed position, a fin- 
gerprint sensor device 32 lying on the rear portion of the 
tray, has its fingerprint receiver or sensor 34 exposed. A 
person lays his/her finger on the sensor, which senses 
the person's fingerprint characteristics. An example of a 
fingerprint sensor 34 is a matrix of perhaps 200 col- 
umns and 200 rows of pixels (total of 40,000 pixels) that 
each can detect contact with a ridge of a person's fin- 
gertip. The IC card delivers signals through its front con- 
nector 20 to the electronic device, to indicate whether 
the identity of the person has been authenticated 
through sensing of his/her fingertip (or other part of the 
finger). 

[0012] Fig. 3 illustrates details of the IC card. The 
card includes a card housing 40 formed by top and bot- 
tom cover halves 42, 44 spaced in directions U, D. Each 
cover half includes a sheet metal part 46, 48 and bent 
sides, and molded-in plastic parts 50, 51 at each of the 
sides. The cover halves are ultrasonically welded 
together by welding the plastic pieces of the top and 
bottom cover halves together. A mother board 52 with 
top and bottom surfaces 75, 77, lies in the space 
between the top and bottom sheet metal parts 46, 48 
and occupies most of the area of the card as seen in a 
plan view. The mother board has numerous electrically 
conductive traces 54 for making connections. The 
mother board has front and rear ends 56, 58, with the 
front end 56 connected to contacts of the card front con- 
nector 20 by connection of tails of the contacts of the 
connector 20 to selected traces 54. 
[0013] A daughter board 60 is fixed to the tray 30, 
with the fingerprint sensor device 32 being mounted on 
the daughter board. The sensor device has numerous 
terminals (not shown) on its lower surface, which are 
soldered to corresponding terminals 62 at the rear of 
the daughter board. At least one circuit component 66 
(IC chip or other component that significantly modifies 
signals) is preferably mounted on the daughter board. 
The daughter board has numerous traces 64 that con- 
nect the terminals 62 to the circuit component 66, and 
additional traces 70 that connect the circuit component 
to contact pads 72. The contact pads 72 lie on a bottom 
surface 74 of the daughter board (opposite its top sur- 
face 73) at its front end. Fig. 3 shows forward and rear- 
ward rows 76, 78 of the contact pads on the lower 
surface of the daughter board. The tray has a pair of 
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guide arms 80, 82 that extend forwardly from laterally L 
opposite sides of a rear portion 84 of the tray, with the 
guide arms helping to guide the tray in sliding move- 
ment between its stowed and deployed positions. It 
would be possible to pivotally mount the tray for deploy- 
ment behind the card housing, but sliding Is easier. 
[001 4] A pair of pad connectors 90, 92 are mounted 
on the mother board, by placing the connectors in a slot 
94 in the mother board. Contacts 96 of the pad connec- 
tors have terminal ends that are soldered to terminals 
98 on the mother board, and have pad-engaging ends 
100 that project upward. The contact ends 100 are 
designed to engage the contact pads 72 on the daugh- 
ter board, only when the daughter board is in its fully 
deployed position. Then, electrical power passes into 
the IC card through the front card connector 20 and sig- 
nals past out of the IC card through the front connector 
20 to the electronic equipment to authenticate or not 
authenticate the fingerprint Circuitry 106 that includes 
the daughter board 60 and mother board 52, including 
any circuit components, electronically couples the fin- 
gerprint sensor 34 to the front connector 20, at least 
when the tray is deployed. Currents pass through the 
mother board 52 and electronic components 102 on the 
mother board, and through additional traces to the pad 
connectors 90, 92, and to the contact pads 72 on the 
daughter board. When the tray 30 is pushed forward F 
to its stowed position, contact is broken between the 
pad connectors 90, 92 and the daughter board contact 
pads 72. 

[0015] Fig. 5 shows details of the tray 30, showing 
how the daughter board 60 is supported on the right and 
left arms 80, 82 of the tray. It can be seen that each arm 
has an upper tray surface 1 10 that lies facewise adja- 
cent to the sheet metal top part 46 and a lower tray sur- 
face 1 1 2 that lies facewise adjacent to the upper surface 
75 of the mother board 52. Rims of low friction material 
can lie between tray surfaces and the sheet metal and 
mother board to lower friction. The mother board also 
has a lower surface 77 which is supported on a surface 
120 of the card housing. Thus, the tray is restricted in 
vertical movement by the upper sheet metal cover part 
46 and by the mother board 52. Each of the guide arms 
80, 82 are restricted in sideward movement by the pad 
connectors 90, 92. The guide arms lie astride the con- 
nectors. It should be noted that the right guide arm 80 is 
further restricted from rightward sideward movement by 
the plastic pieces 50, 51 of the card housing sides. 
[0016] Fig. 3 shows that the lower sheet metal part 
48 of the housing has a slit 1 30 forming a flap 132 with 
sides extending in longitudinal directions F, R and with a 
free front end 133. The flap is upwardly bent to lie in the 
space 145 (Fig. 7) between the top and bottom sheet 
metal parts 46, 48, to form an entrance 144 between the 
front 133 of the flap and a location 136 immediately for- 
ward of the flap. A chip card 140 can be inserted for- 
wardly and at a slight upward incline through the 
entrance 1 44, until a front end of the chip card engages 



a stop 142. Both the stop 142 and slide guides 149 are 
formed by tabs cut in the sheet metal part 48. In the fully 
inserted position of the chip card, contact pads 147 on 
the chip card are engaged by pad-engaging ends 146 of 

5 a pad connector 1 50. It is noted that the pad connector 
150 lies in a slot 152 of the mother board, but Its pad- 
engaging contact ends 146 are at the bottom of the pad 
connector instead of at its top. 
[0017] The chip card 140 of Fig. 3, which is some- 

w times referred to as a SIM card, can be installed only 
when the IC card is out of the slot in the electronic 
device. The purpose of the chip card is to provide at 
least partial authentication of the user. A fingerprint of 
an individual can be identified by detecting the presence 

is and location of a number of deltas (where three finger- 
print ridge lines almost come together and form a delta 
between them) in relation to the core (the center of the 
fingerprint impression). Other characteristics such as 
the distance between ridges, etc., can be detected. If 

20 only the fingerprint of the person (and the name that 
he/she types into the computer) are to be used to 
authenticate the person, then the program which ana- 
lyzes the output of the fingerprint sensor may require a 
relatively high correlation of the stored fingerprint char- 
ts acteristics to those detected. However, wear of the per- 
son's finger, oil on the sensor, etc., can reduce the 
number of identifying characteristics that are detected. 
Applicant constructs the IC card so that if a chip card 
140 is present, which contains the proper code identify- 

30 ing a person, then only a minimum number of fingerprint 
characteristics have to be detected to provide authenti- 
cation. Also, the presence of the chip may avoid having 
to type in the person's name. If the chip card Is not 
present, then a greater number of fingerprint character- 

35 istics must be detected. Alternatively, low correlation 
and absence of a chip card may authorize only lower 
level operation. Fig. 3 shows two contacts 96A, 96B of 
the frontmost row of contacts of the pad connectors. 
When these contacts 96A, 96B are connected to corre- 

40 sponding pads 72A, 72B on the daughter board, a trace 
1 60 closes a switch. Fig. B, which is a simplified view of 
one example of a circuit arrangement of the IC card, 
shows the pads 72A, 72B and contacts 96A, 96B as a 
switch 162, that operates a control 1 61 of a power sup- 

45 ply 1 64. Only when the switch 1 62 is closed, is electric- 
ity supplied from the power supply 164 to the sensor 32 
and other circuitry. A control 170 controls a signal proc- 
essor 172 to process signals from the sensor and 
deliver them through the daughter board pads and the 

so pad connector to a comparator circuit 174 that is con- 
trolled by software. For example, the processor 1 72 may 
sense each of 40,000 pixels of the sensor at one micro- 
second intervals so the entire sensor is scanned in less 
than 1/1 0th second. Stored fingerprint information from 

55 a circuit 176 is also fed to the comparator 174, which 
delivers an output on line 180 that represents the 
number of characteristics that the sensed fingerprint 
has in common with the stored fingerprint information in 
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circuit 176. The output on lin 180 is delivered to an 
adjustment circuit 184. 

[0018] If there is no chip card present, then a high 
degree of fingerprint correlations is required before a 
yes signal on output line 182 is delivered; a yes signal 
indicates that the person Is authorized to operate the 
electronic device at the highest level. However, if the 
chip card 140 is present in the chip card reader formed 
by the connector 1 50 and properly identifies the person, 
then only a lower number of fingerprint correlations Is 
required before the circuit 1 84 provides a yes. It is pre- 
ferred that the signal processor 172 be located on the 
daughter board so it is close to the sensor 32 and many 
connections are easily made. The comparator 174 and 
other circuitry can be located on the mother board or in 
the electronic device that has the slot that receives the 
IC card. The circuitry requires subcircuits such as 
amplifiers, filters, etc. The card front connector 20 and 
the electronic equipment connector 22 are shown, to 
indicate what circuitry is preferably in the card and what 
is in the electronic equipment for the particular circuit of 
Fig. 8. 

[0019] Referring again to Figs. 1 and 2, it can be 
seen that the tray 30 has a small handle 200 that 
projects rearwardly from the rear end 24 of the housing 
card. The handle 200 projects rearwardly by only 3mm 
or 4mm so it can fit into a slot of an electronic device 
and a cover can be closed over the slot. The handle has 
an upwardly-opening recess 202 into which a person 
can place his/her fingernail to grasp the tray and pull it 
out When pulled out (the tray slides by over 1 0mm) to 
the deployed position, the tray projects a distance E of 
about 24mm rearward of the rear end 24 of the card 

housing. . , 

[0020] Fig. 9 illustrates an electronic device 210 or 
a second embodiment of the invention, which is also a 
Type II IC card. The IC card has a tray assembly 212 
with a tray 214 that can slide along a slot 21 6, between 
the deployed position shown at 214 in Fig. 9, and the 
stowed position shown at 21 4A in Fig. 10. In the 
deployed position of Fig. 9, an electronic component 
220 which is a fingerprint sensor that lies on a rear por- 
tion of the tray, is exposed for a person to lay a finger on. 
The output of the fingerprint sensor component 220 is 
delivered through an electrical connector arrangement 
222 to a mother board 224 that is fixed to a housing 226 
of the electronic device. The housing has front and rear 
ends 227, 228 spaced in longitudinal directions M and 
has laterally L opposite sides 346. For an IC card elec- 
tronic device, signals from the fingerprint sensor com- 
ponent 220 are delivered (or processed data based on 
it is delivered) through a front connector 230 to elec- 
tronic apparatus such as a computer. 
[0021 ] When the tray is in the stowed position 21 4A 
of Fig. 10, the tray can be moved to the deployed posi- 
tion by a person pushing forwardly against a rear sur- 
face 232 of the tray. A double click mechanism 234 then 
releases the tray so it can slide rearward, and a tension 



spring 236 moves the tray rearward to the deployed 
position. 

[0022] Fig. 11 shows that the electronic device 
includes top and bottom cover portions 240, 242 that 
5 form much of the housing 226. The mother board 224, 
which has top and bottom surfaces 244, 246, lies on the 
bottom cover portion and is fixed in place thereon. It is 
noted that in the particular device illustrated, the bottom 
cover portion has an opening 251 for receiving a SIM 
to smart card, or chip card 253, and that a connector 255 
mounted on the mother board has contacts that engage 
pads 257 on the SIM card. 

[0023] A tray guide 250 is mounted in the housing, 
to provide much of the guiding of the tray, and to perform 
is other functions. The tray guide includes a largely U- 
shaped holder 252 with a base 254 and with a pair of 
legs 256, 258 extending rearwardly Ft from opposite 
sides of the base. The tray 21 4 has opposite sides that 
fit between the legs 256, 258 of the holder. 
20 [00241 Figs. 14 and 15 show that the double click 
mechanism includes a cam element 270 and a cam fol- 
lower element 272. The cam element is well known, and 
as shown in Fig. 1 7. includes a groove 274 and a divider 
276 that divides the groove into two diverging portions 
25 280, 282 and a rear connecting groove portion 284. The 
cam follower includes a follower part 290 in the form of 
a pin that rides along the groove 274. The first time that 
the tray 214 is pushed forward by pushing against the 
cam and tray rear surface 232, the follower part 290 
30 moves along one of the groove parts 282. When the tray 
is no longer pushed forward, the spring holds the fol- 
lower part against a surface 292. A second forward 
push against the cam rear surface 232 results in the fol- 
lower part 290 being diverted to the other groove part 
35 280, while allowing the tray to move a considerable dis- 
tance such as 24 millimeters (mm) rearward R to its 
deployed position. 

[0025] The cam element 270 is formed by molding 
it into a side 300 of the tray. Fig. 1 4 shows that the cam 
40 follower element 272, whose follower part 290 must 
move up and down, is formed by a longitudinally M elon- 
gated and vertically resilient beam. The beam of the 
cam follower element has a front end 302 molded inte- 
grally with the rest of the tray guide, near an intersection 
45 of the leg 258 with the base 254. By forming the follower 
element 272 as an integral part of the tray guide, appli- 
cant avoids the need for a separate follower element 
and for means for pivptally mounting the follower ele- 
ment on the housing or tray guide. 
so [0026] Fig. 1 1 shows that the tray 21 4 has a second 
side 310 and has a forwardly-projecting arm 312 that 
projects forwardly from the side 310 of the fingerprint 
component holder 311 of the tray. The arm 312 has a 
front end forming a front spring mount 314. The tension 
55 spring 236 has a front end 320 that is attached to the 
front spring mount. The tray guide 250 has a rear spring 
mount 322 at the rear end of its leg 256, and the spring 
has a rear end 324 that mounts on the rear spring 
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mount 322. Fig. 1 3 shows the spring 236 fully expanded 
in length and held between the spring mount 31 4 on the 
tray and the spring mount 322 on the tray guide. The 
spring tends to pull the tray 214 rearward R, but the 
engagement of the cam follower part 290 with the cam 5 
element 270 prevents such forward movement until the 
tray is pushed inward slightly, as by about 1 mm. After 
the tray has been pushed forward slightly, so the double 
click mechanism 234 has released the tray to move 
rearward, the tray moves rearward to the deployed posi- w 
tion 214A of Fig. 12. As shown in Fig. 9, when the tray 
reaches its deployed position, projections 321 at the 
front end of the tray abut a rear wall 392 of the housing. 
At the same time, the spring mount 314 (Fig. 15, which 
is upside-down) on the tray abuts another stop 324. Fig. 15 
14 shows that the tray guide 250 has a forwardly-pro- 
jecting arm-guide leg 328 with a slot or passage 330, 
and that the spring mount 314 at the front of the spring 
arm 312 projects laterally L through the passage to 
project laterally from leg 328. The passage 330 helps to 20 
closely guide the spring arm 312 to prevent up or down 
deflection of the spring mount 314 under the tension 
force of the spring. The spring holder arm 312 is wider 
in a lateral direction than its thickness in a vertical direc- 
tion, so guidance by the walls of the passage 330 in the 25 
leg 328 is especially useful. 

[0027] The top and bottom cover portions shown in 
Fig. 1 1 at 240 and 242, each includes a sheet metal por- 
tion 340, 342 and plastic side beams 344, 345 at oppo- 
site sides of each portion, with the side beams 344, 345 30 
being sonically welded together to close the cover 
around the mother board and other parts. As shown in 
Fig. 13, the side 346 of the housing is spaced from the 
tray guide first or rightmost leg 256 by a distance that is 
slightly wider than the diameter of the tension spring 35 
236. As a result, the spring lies in an isolated area 350 
between a housing side wall and a tray guide leg 256. 
The isolated area lies on a side of the tray leg 256 oppo- 
site the space 348 that receives the tray. Since the 
spring is a moving part that can vibrate and that has 40 
numerous spring turns that can rub or catch against 
other parts, the confinement to an isolated area avoids 
damage to or from the spring. 

[0028] Fig. 11 shows that the fingerprint sensor 
component 220 is mounted on a daughter board 360, 45 
and that a ribbon or flexible cable connector 362 is 
mounted on the daughter board. Another flexible cable 
connector 364 is mounted on the mother board. A rib- 
bon cable or flat flexible cable 366 extends between the 
two connectors 362, 364. The flat flexible cable 366 has so 
upper and lower cable parts 370, 372 that each lies in 
substantially a horizontal plane (that is normal to the 
vertical directions U, D) and that are connected by a 
substantially 180° bend 374. As shown in Figs. 9 and 
1 0, the bent cable portion is bent about a horizontal axis 55 
376 that extends laterally L When the tray is deployed, 
the upper cable part 370 grows in length while the lower 
cable part shortens in length, but they always remain 



largely planar. The flat flexible cable has a plurality of 
very thin conductors 377, so the bend 374 can have a 
small height such as 2 mm without being permanently 
deformed. If the bottom cover portion does not have a 
slot for receiving a SIM card, a slot indicated at 380 can 
be formed in the mother board to provide for a larger 
radius of curvature at the bend 374. It is noted that for a 
fingerprint component 220, the component has numer- 
ous surface mount contacts at its lower end that are sol- 
dered to traces on the daughter board, with the traces 
extending to the daughter board cable connector 364. 
[0029] Fig. 1 1 shows that the base 254 of the tray 
guide has a slot 384 through which the flat flexible cable 
extends. This allows the rest of the base to extend up 
against the sheet metal portion 340 of the top cover por- 
tion for maximum thickness of the tray guide (except at 
the slot) and to help support the sheet metal portion. 
[0030] The tray guide 250 is preferably mounted 
directly to the housing 226 of the electronic device. The 
tray guide has a rear end that includes a lateral side 
extension 390 (Fig. 9) that extends the tray rear end 
across the entire width of the device between its hous- 
ing opposite sides 346, thereby trapping the rear of the 
tray guide. A separate rear wall 392 of the housing has 
a lug 394 that fits into a corresponding recess at the 
extension 390 on the tray guide, and these parts can be 
locked together. Similarly, the forwardly-elongated arm 
guide leg 256 of the tray guide has an extension 400 
that receives a lug 402 projecting inwardly from the 
housing side 346. Fig. 13 shows that the slots 410, 412 
are slightly undercut and the tugs have corresponding 
enlarged ends. This allows the lugs 394, 402 to lock to 
the housing by merely pressing down the tray guide into 
the bottom cover portion. Of course, the tugs can be 
formed on the extensions and slots formed in the hous- 
ing, but this reduces the width of the already thin hous- 
ing walls. 

[0031] The electronic device 210 shown in Fig. 9 is 
assembled by first assembling the tray 214 to the tray 
guide 250 and then moving the tray guide down into the 
bottom cover portion 242 until the tray guide locks to the 
lugs 394, 402. Then, the mother board 224 is slid rear- 
wardly into place around the tray guide. The flat flexible 
cable 366 will already have been attached to one of the 
connectors such as the one on the motherboard, and is 
then attached to the other connector such as the one on 
the daughter board. Finally, the top cover portion 240 is 
placed over the bottom cover portion and the plastic 
parts at the sides 344, 346 and at portions of the front 
and rear ends are ultrasonically welded together. 
[0032] Fig. 16 shows that the tray 214 is guided 
against vertical movement by the sheet metal walls 340, 
342 of the top and bottom cover portions that engage at 
least the left side 300 of the tray. The right side 310 of 
the tray is guided in a tongue 420 and groove 422 slid- 
ing connection. The left side is guided only by abutment 
of the tray left side 300 at projections 321 that lie above 
and below the cam follower element 272. A tongue-and- 
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groove joint cannot be readily provided on the left side 
because of the follower element 272. The tongue-and- 
groove connection at the right side 31 0 of the tray helps 
prevent the tray from deflecting downward in its 
deployed position. 5 
[0033] While terms such as 0 ,upper" ( Jower", etc. 
have been used to describe the invention as it is illus- 
trated, it should be understood that the electronic device 
and its parts can be used in any orientation with respect 
to the Earth. Also, the tray can extend from any wall of w 
the electronic device, which wall can be considered to 
be a rear part. 

[0034] Thus, the invention provides an electronic 
device, and especially an IC card with a component and 
especially a sensor such as a fingerprint sensor, that 15 
can be used when the card is fully inserted in a slot of 
equipment such as a computer, and which is protected 
when not in use. The electronic device has a tray 
assembly that includes a tray that can slide rearward 
and forward between a stowed position where a compo- 20 
nent such as a sensor on the tray is protected and a 
deployed position where it is exposed, in an easily 
installed, easily operated, and rugged construction. The 
tray assembly includes a spring that urges the tray rear- 
wardly towards its deployed position, and a double click 25 
mechanism that latches the tray in the stowed position 
while releasing it when the tray is pushed forward 
slightly. The double click mechanism includes a cam 
element and a cam follower element in the form of an 
elongated beam that can deflect, where one element is 30 
formed integrally with a molded polymer tray and the 
other element is formed integrally with a molded poly- 
mer tray guide that guides the tray in sliding movement. 
The spring that urges the tray rearward is a tension 
spring with a spring forward end connected to a for- 35 
wardly-projecting arm on the tray, and with a spring rear 
end mounted on the tray guide. The spring can be 
enclosed In an isolated area lying between one side of 
the housing and a side of the tray guide. A daughter 
board on the sliding tray is connected to a mother board 40 
lying in a fixed position on the housing. In one arrange- 
ment such connection is made through a flat flexible 
cable with horizontal upper and lower cable portions 
that are connected by a substantially 180° bend in the 
cable. In another arrangement, contacts on the under- 45 
side of the daughterboard can slide into engagement 
with contacts of a connector on the motherboard. The 
tray guide can be mounted by forming it with laterally 
spaced undercut slots that closely receive tugs formed 
in plastic beams of the housing. The IC card can be pro- so 
vided with means fcr receiving 2 chip card that helps 
authenticate the owner. A sheet metal cover of an IC 
card housing has a flap cut in it, forming an entrance 
through which the chip card can be inserted until pads 
on the chip card engage contacts of a connector. 55 
[0035] Although particular embodiments of the 
invention have been described and illustrated herein, it 
is recognized that modifications and variations may 



readily occur to those skilled in the art, and conse- 
quently, it is intended that the claims be interpreted to 
cover such modifications and equivalents. 

Claims 

1. An IC card (10, 210) for forward insertion into an IC 
card slot (12) of electronic equipment (14), where 
the IC card can read a person's fingerprint and pro- 
vide authorization signals to the electronic device, 
including a mother board (52, 224) having top and 
bottom surfaces (75, 77, 244, 246) and front and 
rear ends (56, 56), a front connector (20, 230) cou- 
pled to said mother board front end, and a card 
housing (40, 226) which includes top and bottom 
cover parts (42, 44, 240, 242) that lie respectively 
above and below said mother board and that are 
mechanically connected to said mother board, said 
card housing having front and rear ends (26, 24, 
227, 228) , comprising: 

a tray (30, 214) which is moveably mounted in 
said card housing to move forward (F) and 
rearward (R) between a stowed position (30, 
214) and a deployed position (30A, 21 4A); 
said tray having a rear portion (84) and having 
a front portion (80, 82) lying between said to 
and bottom cover parts and in sliding engage- 
ment with at least one of said cover parts; 
a fingerprint sensor (34, 220) mounted on said 
tray rear portion with said fingerprint sensor 
lying rearward of said card housing rear end in 
said deployed position of said tray and lying 
within said card housing in said stowed position 
of said tray; 

a circuit arrangement (106, 222) with a plurality 
of conductors (72, 377) that electronically cou- 
ple said fingerprint sensor to said front connec- 
tor at least when said tray is in said deployed 
position. 

2. The IC card described in claim 1 including: 

a tray guide (250) mounted on said housing; 
said tray (30, 214) being is moveably mounted 
on said tray guide so said tray can move for- 
ward and rearward between said stowed posi- 
tion and said deployed position; 
a spring (236) that is coupled to said tray and 
that urges said tray rearwardly toward said 
deployed position; 

a double click mechanism (234) that latches 
said tray in said stowed position when said tray 
is pushed forward from said deployed position 
to said stowed position and which releases 
said tray from said stowed position when said 
tray is pushed slightly forward therefrom, said 
double clock mechanism including a cam ele- 
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ment (270) and a follower element (272) where 
one element is mounted on said tray and the 
other Is mounted on said tray guide; 
said tray and said tray guide are each molded 
polymer parts, with one of said elements of 5 
said click mechanism molded integrally with 
said tray and the other element of said click 
mechanism molded integrally with said tray 
guide."* 

10 

3. The device described in claim 2 wherein: 

said tray guide (250) includes a largely U- 
shaped part (252) with a base (254) having lat- 
erally opposite sides and a pair of legs (256, is 
258) extending rearwardly from said opposite 
sides, and with said follower element being in 
the form of a bendable beam having a front end 
(302) merging with said U-shaped part at a 
location near the intersection of the front end of 20 
a second one of said legs (258) and said base, 
with said follower element extending rearwardly 
frorrrsaid location and having a rear end with a 
laterally extending follower part (290) that 
engages said cam element; 25 
said tray has opposite sides (300, 310) with a 
second of said sides having a groove (274) that 
forms said cam element, with said follower part 
of said follower element projecting into said 
groove. so 

4. The device described in claim 2 wherein: 

said tray guide (250) has laterally opposite 
sides and has a spring mount (322) at one of 35 
said sides; 

said tray has a component holder (311) with 
laterally opposite sides, and has a spring 
holder arm (312) that extends forwardly from 
one of said component holder sides and that 40 
has a holder arm front end (314); 
a tension spring (236) having a front end (320) 
mounted on said holder arm front end, said 
spring having a rear end (324) mounted on said 
spring mount. 45 

5. The device described in claim 1 wherein: 

said circuit arrangement includes a flat flexible 
cable (366) having upper and lower cable parts so 
(370, 372) that each lies substantially in a hori- 
zontal plane, with said upper and lower cable 
parts joined by a substantially 1 80° bend (374) 
in said cable about a laterally-extending axis 
(376), and with one of said cable parts con- 55 
nected to said tray to connect to said compo- 
nent and with the other of said cable parts 
connected to said mother board. 



6. The IC card described in claim 1 wherein: 

said tray includes a rear portion (84) with later- 
ally opposite sides, and a pair of guide arms 
(80, 82) extending forwardly from each of said 
opposites sides, with each guide arm lying 
closely between said top cover part (46) and 
said mother board (52) to be vertically confined 
in sliding movement between them. 

7. The IC card described in claim 1 wherein: 

said top and bottom cover parts each has a 
sheet metal portion (340, 342) lying in a hori- 
zon plane; 

said tray has opposite sides (300, 310) with at 
least one of said sides lying closely between 
said sheet metal parts of said top and bottom 
cover parts to be guided by them. 

8. An electronic device that includes a mother board 
(224) having top and bottom surfaces (244, 240), 
and a housing (226) which includes top and bottom 
cover portions (240, 242) that lie respectively above 
and below said mother board and that are mechan- 
ically connected to said mother board, said card 
housing having longitudinally-spaced front and rear 
ends (227, 228) and laterally spaced opposite sides 
(346), comprising: 

a tray guide (250) mounted on said housing; 
a tray (214) which is moveably mounted on 
said tray guide so said tray can move forward 
and rearward between a stowed position (214) 
and a deployed position (21 4A); 
an electronic component (220) mounted on 
said tray, with said component lying rearward of 
said housing rear end in said deployed position 
of said tray and lying within said housing in said 
stowed position of said tray; 
a connecting arrangement (222) with a plurality 
of conductors (377) that electrically couple said 
tray to said mother board at least when said 
tray is in said deployed position; 
a spring (236) that is coupled to said tray and 
that urges said tray rearwardly toward said 
deployed position; 

a double click mechanism (234) which latches 
said tray in said stowed position when said tray 
is pushed forward from said deployed position 
to said stowed position and which releases 
said tray from said stowed position when said 
tray is pushed slightly forward therefrom, said 
double clock mechanism including a cam ele- 
ment (270) and a follower element (272) where 
one element is mounted on said tray and the 
other is mounted on said tray guide; 
said tray and said tray guide are each molded 
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polymer parts, with one of said elements of 
said click mechanism molded integrally with 
said tray and the other element of said click 
mechanism molded integrally with said tray 
guide. 

9. The device described in claim 8 wherein: 

said tray guide includes a largely U-shaped 
part (252) with a base (254) having laterally 
opposite sides and a pair of legs (256, 258) 
extending rearwardly from said opposite sides, 
and with said follower element being in the form 
of a bendable beam having a front end (302) 
merging with said U-shaped part at a location 
near the intersection of the front end of a sec- 
ond one of said legs (258) and said base, with 
said follower element extending rearwardly 
from said location and having a rear end with a 
laterally extending follower part (290) that 20 
engages said cam element; 
said tray has opposite sides (300, 310) with a 
second of said sides having a groove (274) that 
forms said cam element, with said follower part 
of said follower element projecting into said 
groove. 

10. The device described in claim 9 wherein: 
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a first leg (256) of said tray guide has a longitu- 
dinally-extending slot (324) having top and bot- 
tom slot walls that lie closely above and below 
said tray first side (310) to form a tongue-and- 
- groove sliding connection at said first side of 
said tray. 

11. The device described in claim 9 wherein: 

said tray has top and bottom projections (321) 
that extend respectively above and below said 
beam formed by said follower element and that 
slideably engage said second leg (272) of said 
tray guide. 

12. The device described in claim 8 wherein: 

said tray guide has laterally opposite sides and 
has a spring mount (322) at one of said sides; 
said tray has a component holder (311) with 
laterally opposite sides, and has a spring 
holder arm (312) that extends forwardly from 
one of said component holder sides and that 
has a holder arm front end (314); 
a tension spring (236) having a front end (320) 
mounted on said holder arm front end, said 
spring having a rear end (324) mounted on said 
spring mount. 



13. The device described in claim 8 wherein: 

said connecting arrangement includes a flat 
flexible cable (366) having upper and lower 
cable parts (370, 372) that each lies substan- 
tially in a horizontal plane, with said upper and 
lower cable parts joined by a substantially 180° 
bend (374) in said cable about a laterally- 
extending axis (376), and with one of said cable 
parts connected to said tray to connect to said 
component and with the other of said cable 
parts connected to said mother board. 

14. The device described in claim 13 wherein: 

said tray guide has a largely U-shaped part 
(252) with longitudinally extending legs (256, 
258) having leg front ends and a base (254) 
connecting said leg front ends; 
said base has a slot (384) and said cable 
extends through said slot. 

15. The device described in claim 8 wherein: 

of said housing and said tray guide, one of 
them has laterally-spaced locations with lug- 
receiving slots (410, 412) and the other has a 
pair of lugs (394, 402) that fit into said slots, 
with said slots being undercut and said lugs 
matching said slots to lock said tray guide to 
said housing at said locations. 



30 



16. An electronic device that includes a mother board 
(224) having top and bottom surfaces (244, 240) 

35 and front and rear ends (256, 258), and a housing 
(226) which includes top and bottom cover portions 
(240, 242) that lie respectively above and below 
said mother board, said housing having longitudi- 
nally-spaced front and rear ends (227, 228) and lat- 

40 erally opposite sides, comprising: 

a tray guide (250) mounted on said housing 
and having a tray- receiving space (248) and a 
first leg (256) on one side of said space; 
45 a tray (21 2) which is slideably mounted on said 

tray guide to slide in said space, in forward and 
rearward directions between a stowed position 
(214) and a deployed position (21 4A); 
said tray has a forwardly-projecting arm (312) 
so with a front end forming a front spring mount 

(31 4) lying on a side of said first leg of said tray 
guide that is opposite said tray-receiving 
space; 

aid first leg of said tray guide has a rear spring 
55 mount (322) lying directly rearward of said front 

spring mount; 

a tension spring (236) having a front end (320) 
mounted on said front spring mount of said tray 
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arm, and having a rear end (324) mounted on 
said rear spring mount. 

17. The device described in claim 16 wherein: 

5 

said tray guide has an arm-guide leg (328) pro- 
jecting forwardly from said first leg and having a 
longitudinally-extending passage (330); 
said first spring mount on said forwardly-pro- 
jectlng arm of said tray, projects laterally w 
through said passage. 

1 8. The device described in claim 1 6 wherein: 

said housing has laterally opposite sides (346), 15 
and forms an isolated area (350) between said 
.tray guide first leg (256) and a first of said sides 
of said housing, and said spring lies in said iso- 
lated area and is vertically enclosed between 
said top and bottom cover portions. 20 
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